Abstract. The surface modification of the tourmaline powder with acryloyl chloride was studied to prepare the polymerizable organic tourmaline. The experimental results showed that the surface of modified tourmaline had a better hydrophobicity compared with unmodified tourmaline when the mass ratio of acryloyl chloride to tourmaline powder was 3.3:5.0, and reacted 2h at 40 o C in N, N-dimethyl-formamide (DMF). The structure characterization indicated that the acryloyl group has been introduced on the surface of tourmaline powder to get the polymerizable organic tourmaline, and have an excellent far infrared emissivity.
Introduction
Tourmaline is one of type cyclosilicates mineral, the general chemical formula of the tourmaline group can be expressed as XY 3 . Depending on different isomorphism states, the tourmaline group can be divided into schorl, dravite and elbaite [1] . The complex crystal structures of tourmaline lead to various characteristics, such as permanently spontaneous polarization [2] , thermoelectricity [3] and piezoelectricity [4] . When the environmental temperature or pressure of tourmaline changes, relative displacement will occur among intracrystal electric particles of tourmaline, resulting in a potential difference and ionizing the surrounding air the generated negative charges can be delivered to the dust and smoke particles, to achieve the purpose of air purification [5] . Tourmaline crystals present dipole distance, when the temperature rises, the polar ions in the crystals will move due to thermal agitation and cause dipolar moment changes, and the excess energy will be released in the form of electromagnetic waves. The engendered far infrared ray can be absorbed by the human body, and promote blood microcirculation, benefiting the health conditions of human bodies [6, 7] . Therefore, if tourmaline could composite with polymer fibers to prepare the functional composite materials, it was favored of comprehensive utilization of tourmaline and development of functional composites.
However, the compatibilities between tourmaline and organic matrix are very poor, the mechanical performance of the composites could not be satisfied with its application [8] . In order to improve the compatibility of tourmaline and the polymer matrix, surface modification of tourmaline by organic species were tried to study by researchers in recent years [9] [10] [11] [12] [13] [14] .
In order to develop the functional polymer containing tourmaline, the surface modification of the tourmaline powder with acryloyl chloride was studied in this work to synthesize the polymerizable organic tourmaline, the optimized process was investigated with the experimental parameters of contact angles and turbidities of modified tourmaline, and the structure of the modified tourmaline was characterized by XRD, IR and SEM. Acryloyl chloride modified tourmaline. In a 100 mL four-neck flask equipped with condenser, funnel, thermometer and electromagnetic stirrer, 5 gram of tourmaline powder was dispersed in 15 mL dried DMF, and heated to 40 o C with sufficient stirring, 0.1mL sulfuric acid was added into flask, and 3.0mL acryloyl chloride was dropped into the flask with funnel, the mixture was stirred 3h at 40 o C. The samples were separated by filtration with vacuum, then washed three times with anhydrous ethanol, and finally dried and grinded to be characterized.
The determination of turbidity. 1.0gram of modified tourmaline powder was added into a 100 ml beaker with 50ml liquid paraffin. The mixture was stirred for 5 minutes and let to stand for 24h. Then, the supernatant liquid was collected to test its turbidity by SGZ-2 nephelomete
The measurement of contact angle. The sample was pressed into circle by presser, and then the distilled water was dropped on the surface of pressed sample to evaluate the contact angle by DSA100M optical measure, with each value averaged over three tests.
Results and discussion
The modified effect of tourmaline powder with acryloyl chloride under various conditions were studied by focusing on the experimental parameters of turbidity in liquid paraffin and contact angles under different experimental conditions, and the structure of modified tourmaline was characterized.
Effect of reaction temperature. The curves of contact angle and turbidity of modified tourmaline with reaction temperature were shown in figure 1. Both contact angle and turbidity of modified tourmaline increased with the rising of reaction temperature below 40 o C, then reduced with the persistent rising of reaction temperature, and had the maximum at 40 o C.
Effect of reaction time. Figure 2 revealed the influence of reaction time on the contact angle and turbidity of modified tourmaline. Figure 2 shown the same trend on contact angle and turbidity of modified tourmaline that increased sharply with the prolonging of reaction time at first, and decreasing clearly with continuous increasing of reaction time, the optimal reaction time was 2h.
Effect of the dosage of tourmaline. By fixing the dosage of solvent (DMF) as 50 mL, the effect of the amount of tourmaline on contact angle and turbidity of modified tourmaline were shown in figure 3 , The contact angle and turbidity of modified tourmaline tended to increase with the increasing of tourmaline, and trend to decrease when the amount of tourmaline were over 5g. Accordingly, the optimal amount of tourmaline was 5g in this work. figure 4 . The turbidity and contact angle of modified tourmaline increased speedly with the increasing of acryloyl chloride at beginning, then reduced with further increasing of acryloyl chloride when the dosage of acryloyl chloride was over 3 mL, and have the optimum at 3 mL of acryloyl chloride.
IR analysis. The IR spectra of unmodified tourmaline and modified tourmaline were shown in figure 5 . In figure 5a, unmodified tourmaline [14] have absorption bands at 3558 cm -1 (-OH group), 1272 cm -1 (B-O group) and 975 cm -1 (Si-O group), and the IR spectrum of modified tourmaline (Figure 5b) shows that absorption bands of methyl (2923 cm -1 ), methylene (2853 cm -1 ), carbonyl (1720 cm -1 ) and double bond (1630 cm -1 ) of acryloyl group have appeared, besides those, the absorption shape of tourmaline almost unchange clearly but all wavelengths shift corresponding to unmodified tourmaline owing to the electronic effect of acryloyl group. This indicats that acryloyl group has been introduced in the surface of tourmaline to get polymerizable tourmaline acrylate.
XRD patterns. XRD spectra of unmodified and modified tourmaline are shown in Figure 6 . The major peaks of unmodified tourmaline (Figure 6a) o , while the major peaks of modified tourmaline locate at the same 2θ and no other phases are detected. The two nearly identical spectra indicate that the introductions of acryloyl group do not alter tourmaline's crystal structure. SEM images. Figure 7 shows the SEM images of unmodified and modified tourmaline. Some conglomeration in unmodified tourmaline particles was apparent (Figure 7a) , and no agglomerates were observed in modified tourmaline particles (Figure 7b ). These results are attributable to the strong polar surfaces of tourmaline particles before modification facilitated the easy conglomeration of the particles. And the surface polarity of the tourmaline decreased after the organic modification, the surface energy was depressed, therefore the dispersivity of the tourmaline particles was improved obviously.
Far-infrared radiation analysis. The far infrared emissivity of modified and unmodified tourmaline was measured over 8~25µm wavelength range at 100ºC, and showed in Figure 8 . In contrast, the modified tourmaline possessed higher far infrared emissivity than unmodified tourmaline due to its lower polarity, higher dispersion and surface areas after modification [15] .
Summary
The surface modification of tourmaline with acryloyl chloride was investigated, and optimized the modified conditions with parameters of the turbidity and contact angle of modified tourmaline. The experimental results showed that the modified tourmaline with acryloyl chloride had a better hydrophobicity compared with unmodified tourmaline when the mass ratio of acryloyl chloride to tourmaline powder was 3.3:5.0, and reacted 2h at 40 o C in N, N-dimethylformamide (DMF) . The IR spectra revealed that acryloyl group has been introduced in the surface of tourmaline to get 
polymerizable tourmaline acrylate, and the modified tourmaline kept the same crystal structures as the unmodified one, and have an excellent far infrared emissivity. This work offered the base data for the synthesis of functional polymers, the investigation of tourmaline-containing functional polymer is under way yet.
